Individual Dehalococcoides mccartyi (Dhc) strains differ primarily from one another by the 22 number and identity of the reductive dehalogenase homologous catalytic subunit A (rdhA) genes 23 contained within their respective genomes. While thousands of rdhA genes have been 24 sequenced, the activity of the corresponding proteins have been identified in only a handful of 25 cases. Most effort has focused on identifying the enzymes that dechlorinate substrates including 26 trichloroethene (TCE), cis-dichloroethene (cDCE) and vinyl chloride (VC) relevant to 27 groundwater remediation. The associated rdhA genes, namely tceA, bvcA, and vcrA, along with 28 the D. mccartyi 16S rRNA gene are often used to track growth and dechlorinating activity in 29 DNA extracted from field samples. In this study, we augmented the typical suite of three 30 characterized rdhA genes to include an additional 12 uncharacterized rdhA sequences identified 31 in the metagenome in the mixed Dhc-containing culture KB-1 to track population shifts within 32 the culture and at two bioaugmented field sites. Quantitative PCR assays were developed for the 33 15 selected D. mccartyi rdhA genes and evaluated using 11 different sub-cultures of KB-1, each 34 enriched on different chlorinated ethenes and ethanes. The proportion of rdhA gene copies 35 relative to Dhc 16S gene copies indicated the presence of multiple distinct Dhc populations in 36 each culture. The specific electron acceptor amended to each culture had a major influence on 37 the distribution of D. mccartyi populations and their associated rdhA genes. We also surveyed 38 the abundance of rdhA genes in samples obtained from two bioaugmented field sites. Growth of 39 the dominant D. mccartyi population in the KB-1 inoculum was detected in the UK site samples. 40 At both field sites, the measurement of relative rdhA abundances revaled significant D. mccartyi 41 population shifts over time as dechlorination progressed from TCE through cDCE to VC and 42 ethene, indicating that the selective pressure of the most abundant chlorinated electron acceptor 43 3 that was observed in lab cultures was also occurring in the populations in the field. 44 Understanding driving forces behind D. mccartyi population selection and activity is improving 45 predictability of remediation performance at chlorinated solvent contaminated sites. 46 47 Importance 48 Reductive dechlorination, often mediated by bacteria from the genus Dehalococcoides, is a very 49 effective and now widely used method for bioremediation. These organisms couple growth to 50 detoxification of chlorinated industrial solvents that contaminate groundwater. A better 51 understanding of the breadth of populations within this genus and the conditions that lead to 52 successful growth and complete dechlorination are critical to more widespread adoption of this 53 cost-effective remediation strategy. This study identified environmental conditions that lead to 54 the selection of different populations of Dehalococcoides that impact remediation performance. 55 56 57 60 tetrachloroethene (PCE) and trichloroethene (TCE) as well as their daughter products including 61 the isomers of dichloroethene (DCE) and vinyl chloride (VC) are highly toxic compounds and 62 TCE and VC are recognized human carcinogens by the National Toxicology Program 63 (http://ntp.niehs.nih.gov/pubhealth/roc/roc13/). Clean-up of groundwater contaminated with 64 these compounds takes time and is costly. Bioremediation and bioaugmentation have gained 65 significant acceptance as viable approaches for treatment of chlorinated ethenes in the subsurface 66 4
Introduction 58
There are thousands of public and private sites with chlorinated solvent related groundwater 59 contamination problems (1). Chlorinated volatile organic compounds (cVOCs) such as Groundwater sampling and site description. Groundwater was collected from two TCE-187 contaminated sites prior to and after bioaugmentation with KB-1 ® . The first site was located in 188 Southern Ontario (ISSO site) and was characterized by contaminants in fractured bedrock. Figure S1a ). At the ISSO site, a groundwater recirculation system consisting of two injection 194 and three extraction wells was installed to improve the distribution of electron donor (ethanol) 195 and microorganisms ( Figure S1b ). Groundwater from the extraction wells was combined into a 196 central manifold (composite), filtered, treated with chlorine dioxide (ClO 2 ) to control biofouling, 197 and amended with electron donor (ethanol) prior to distribution into the individual recharge where groundwater from the three extraction wells was combined ( Figure S1b ). Additional 202 information on this site can be found in a previous publication that surveyed community 203 dynamics at the site (22).
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was tested in silico against the public NCBI NR nucleotide database and tested in vitro against 251 DNA extracted from mixed dechlorinating and non-dechlorinating cultures. Table S4 252 (Supporting Information) shows the number of mismatches for each primer pair with sequences 253 belonging to the ortholog group of the targeted rdhA gene. The PCR reaction (20 µL) consisted 254 of: 10 µL of SsoFast™ EvaGreen® Supermix (Biorad, CA), 0.5 µL of each primer (10 mM), 7 255 µL of UltraPure™ DNase/RNase-Free distilled water (Invitrogen, CA) and 2 µL of template.
256
The amplification program included an initial denaturation step at 98 °C for 2 min followed by 257 40 cycles of 5 s at 98 °C and 10 s at the corresponding annealing temperature. A final melting 258 curve from 70 to 95 °C degrees at increments of 0.5 °C per second was performed. Since two 259 concentrations were tested per template (undiluted and 10-fold diluted) for assessment of 260 potential matrix-associated inhibitory effects, reactions for each dilution were performed in 261 duplicate. The undiluted sample generally contained between 10-20 ng of DNA per µL as 262 measured using a Nanodrop spectrophotometer (Thermo Scientific, DE). Generally, there was 263 good agreement between the two measurements. Ten-fold serial dilutions of plasmid DNA 264 containing one copy of the 16S rRNA gene or the rdhA gene (~1000-1500 bases) were used as 265 calibrators. Plasmids for calibration were prepared by PCR amplifying the desired rdhA from 
RESULTS AND DISCUSSION
297 Reductive dehalogenase (rdhA) genes in the KB-1 consortium. We first thought to 298 distinguish D. mccartyi populations in our cultures using unique non-coding regions from 299 metagenomic sequences, but the core genome is basically identical for all D. mccartyi 300 populations in KB-1 we could not identify suitable regions for primer design. Thus, we turned to 301 using a suite of rdhA genes for this task. To better understand the similarity between rdhA 302 sequences, we constructed phylogenetic trees using 249 amino acid ( Figure 1 Figure S3 ) 309 identity within an ortholog group can be substantially lower than 90%. The terminology 310 reductive dehalogenase homologous genes (rdhA) was adopted years ago, and perhaps implies 311 more knowledge of common ancestry than is in fact known, but it is not unreasonable to suspect 312 that these genes arose from either speciation (orthologous) or duplication (paralogous) events.
313
Herein we use the term "ortholog" to refer to rdhA genes that group together according to the term "homologous" is used to refer to all rdhA genes regardless of which ortholog group they 316 belong to.
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The phylogenetic analysis of 249 D. mccartyi rdhA sequences generated a total of 43 ortholog 319 groups (OG) including 6 new previously un-described groups (OG 52 to 57). Of the 249 320 sequences analyzed in 2016, 37 sequences remained ungrouped, meaning without a single 321 ortholog (Figure 1 ). At the amino acid level, none of the KB-1 D. mccartyi rdhA sequences was 322 unique because each rdhA gene in KB-1 has more than 90% amino acid sequence identity with at 323 least one other rdhA sequence in another D. mccartyi strain. Indeed, most rdhA sequences in 324 KB-1 were found to be associated with ortholog groups comprising multiple rdhA sequences 
